INTRODUCTION
Cutaneous lupus erythematosus (CLE) is a chronic dermatologic disease that frequently requires long-term treatment and follow-up.
Patients with CLE suffer from scarring, dyspigmentation, erythema, scaling, itching, burning, and pain which can have a profoundly detrimental impact on quality of life (QoL) [1] . Although there is no current Food and Drug Administration approved treatment for CLE, managing these patients is generally quite complex, consisting of lifestyle modifications [2] coupled with topical and/or oral medications [3] . Patient adherence in chronic diseases is a critical problem, as adherence to medication decreases through the long course of illness and may be adversely affected by the complexity of treatment [4] [5] [6] . Poor adherence may result in poor treatment outcomes [7] [8] [9] . We reviewed the literature to gauge what is currently known about adherence to treatment in patients with CLE. However, since approximately 85% of patients with systemic lupus erythematosus (SLE) will suffer from cutaneous manifestations of the disease at some point [10] , and since American College of Rheumatology SLE criteria can be made on the basis of cutaneous disease alone [11] , we also included studies involving patients with SLE. Studies on SLE that focused on the impact of the non-cutaneous aspects of SLE (e.g., kidney failure, antiphospholipid syndrome) on patient adherence, and those that also focused on adherence in other diseases in addition to CLE or SLE were excluded to maintain a focus on cutaneous disease. The studies were screened through titles, after which articles of interest were further examined through abstracts. If the study was found to be potentially eligible after examination of the abstract, a full-text review was carried out to assess for inclusion. This article is based on previously conducted studies and does not involve any new studies of human or animal subjects performed by any of the authors.
RESULTS
A total of 19 studies met the inclusion criteria ( [14, 15] .
Measuring Adherence in Lupus Erythematosus
A large contributor toward the wide range of adherence rates observed in these studies (Table 1 ) was likely due to the different methods used to assess adherence ( Table 2 ). The different methods can be characterized as either subjective (e.g., self-report) or objective (e.g., drug blood assays, electronic monitoring).
Measuring hydroxychloroquine blood
concentration is an objective method that has been employed by several studies used to determine adherence levels in SLE and CLE patients [12, 16, 17] . Objective assessments of adherence are preferred, since patients often overestimate their own adherence [18] .
However, Ting et al. [16] used several methods to assess adherence, and noted that selfreported adherence correlated with adherence based on hydroxychloroquine blood concentration and adherence assessed through pharmacy refill data.
One challenge that is encountered when assessing adherence through blood assays is [17, 19] . However, hydroxychloroquine has an exceptionally long 40 day half-life and small inter-day variation in blood levels, which allows physicians to assess long-term adherence to the medication with reasonable accuracy [12, 17] . Furthermore, unscheduled blood-level measurements have been also used to circumvent the issue of white coat compliance [17] . Additional methods of measuring medication adherence in SLE included physician and patient questionnaires or ratings, pill counting, Medication Event Monitoring Systems (MEMS), and using pharmacy refill information [14, [20] [21] [22] [23] [24] [25] [26] [27] [28] . The use of MEMS is an objective method of assessing patient adherence to medications in SLE, which uses microchips to determine when patients have opened and closed their medication bottles [22, 27] . MEMS can be used for topical medications as well as oral medications, which allows for its utilization in topical treatments for SLE and CLE, which cannot be done in methods such as blood assays or pharmacy refill information [6] .
Pill counting involves patients bringing in their medication to their appointments and subsequently having their remaining pills counted to determine their level of adherence.
Acquiring pharmacy refill data can show the level of patient adherence by seeing if patients are refilling their medications in a timely manner. One study utilized multiple methods including blood assays of hydroxychloroquine, questionnaires, and pharmacy refill information to better assess adherence in adolescent patients with SLE [16] . Pharmacy refill information has also been used as the criterion standard to base the accuracy of other methods of measuring adherence, such as patient and physician questionnaires, and pill counts [29] . Of these methods, pill counting was the least effective in determining adherence [29] . Using pharmacy refill information to determine adherence to topical medications would also prove challenging, because patients may use varying amounts of medication depending on the extent of cutaneous disease they have. While there are numerous ways of assessing adherence, MEMS appear to be the most ideal for clinical trials, whereas pharmacy refill information strikes a good balance between cost, practicality, and objectivity, making it a good choice for more mainstream use.
Factors Contributing to Non-Adherence
Many factors have been postulated to have an impact on treatment adherence in patients with SLE and CLE ( Table 1 ). The impact that race/ ethnicity has on medication adherence in SLE is controversial. Two studies noted no statistically significant difference in adherence to medication between white patients and ethnic minorities suffering from SLE. One study in Brazil [14] noted that white race was a factor that improved adherence, while others found that non-white race was a risk factor for lower adherence to hydroxychloroquine [14, 20, 22, 27] . While race and ethnicity have not been definitively shown to impact adherence to medication in SLE, socioeconomic factors can contribute [30] . Affordability of medication can also play a large role in adherence [31] . Different factors may play a role in adherence to medication between white and black patients. There was a substantial disparity in income between the groups, and the differences between the groups' reasons for poor adherence to medication were eliminated after controlling for income level [20] .
Education level was another factor that may have an effect on medication adherence in patients with SLE, with lower levels of education thought to result in poorer adherence to medication [14, [22] [23] [24] 30] .
However, lower education levels were associated with worse adherence to medication in only two of five studies [14, 22] . In a study of CLE patients, Gutmark et al. [13] noted that adherence to sunscreen was better in patients that had a higher educational level, and lower in patients with lower income. Conversely, another study noted that higher education levels and those with lower income levels were associated with lower levels of adherence, although the population in this study were all of low socioeconomic status [28] . Depression is a consistent factor that negatively impacts adherence to medication in SLE [20, 23, 25, 27, 30] . SLE is thought to directly cause depression either by its direct impact on the brain and/or due to the chronic inflammatory process [32] . Furthermore, depression, as well as other neuropsychiatric manifestations of SLE, can cause cognitive impairment which can lead to patients forgetting to take their medications [23, 26] . Many other reasons contribute to poor adherence to medication in patients with SLE (Table 1) .
Adherence, Disease Activity, and Outcomes
Poor adherence to medication can result in poor outcomes in patients with SLE, as it is associated with increased disease activity as well as increased risk of disease flares [15, 17, 23, 30] .
Patients with SLE who struggled with adhering to their medications had a decreased level of functioning [23] . Presumably, poor adherence to treatment leads to increased disease activity which can profoundly decrease functioning.
Increased disease activity was not only a result of poor adherence, but also a risk factor to it [17, 23] . Higher blood levels of hydroxychloroquine led to higher levels of remission in patients with CLE, implying that increased adherence in these patients was associated with better outcomes [12] .
While there is likely a clear association between adherence and outcomes, a couple of studies did not find this connection. Marengo et al. [27] noted that while their patients improved after 2 years of adherence monitoring, there was no statistically significant association between adherence and SLE disease activity. Daleboudt et al. [26] found no connection between disease severity and self-reported adherence rates.
Methods used to Improve Adherence
Several studies examined ways of improving adherence in patients with SLE. One barrier to treatment adherence in patients with SLE, and adherence to sunscreen in patients with CLE is forgetfulness [13, 23] . One study attempted to overcome this using cellular text messaging to remind patients with childhood-onset SLE to take their medications; however, there was no improvement in adherence to treatment noted among the adolescents studied [16] . Hydroxychloroquine blood levels were utilized to identify patients who were non-adherent to hydroxychloroquine and found that confronting these patients with their nonadherence and counseling them regarding the characteristics of hydroxychloroquine treatment led to a significant increase in most of these patients' hydroxychloroquine blood concentration [17] . The physician-patient relationship plays a crucial role in patient adherence to medication in SLE [33] . A strong working alliance, which sets treatment goals and tasks that are agreed upon between the provider and the patient, was correlated with increased adherence to medication in SLE [33] .
Patient adherence to medication is a pervasive problem that continues to be tackled and overcome in patients with SLE.
DISCUSSION
Poor adherence is a huge problem in dermatology, and it is an especially difficult in chronic diseases [19] . Such diseases in dermatology such as acne and psoriasis have been extensively studied with regard to treatment adherence [34] [35] [36] . Despite its chronicity and impact on QoL, CLE has not been studied to nearly the same extent.
Accurately assessing medication adherence in patients with CLE and SLE is of great importance because doing so can distinguish patients who are non-responsive from those who poorly adhere to treatment [12] . This can prevent poorly adherent patients from being placed on more toxic medications [12] . Among the methods used in monitoring adherence to treatment in SLE and CLE, measuring hydroxychloroquine concentrations in the blood and utilizing MEMS stand out as potential methods of gauging treatment adherence; however, its use is mainly limited to clinical studies [29] . MEMS also allows for determining the time and date the medication was used, which is a feature that none of the other methods used can offer, and it allows for deeper insight into the specific adherence patterns that patients exhibit [29] .
The long half-life of hydroxychloroquine makes blood levels a useful tool for assessing adherence [15] . Patients tend to take their medications more consistently around the time of office visits [19] , limiting the value of blood levels for drugs with short half-lives.
Several means of improving adherence to treatment in SLE were also investigated. The doctor-patient relationship can be used to improve adherence by engaging patients with adherence problems in a non-threatening way and discussing treatment characteristics. Creating a strong working alliance between patients and providers is another way the doctor-patient relationship can improve adherence to medication [33] . Text message reminders did not boost adherence to treatment [16] . Additional studies investigating how adherence to treatment can be further improved are warranted.
The majority of what is currently known about adherence to treatment in CLE is based on studies done on patients with SLE [37] . While there is significant overlap between SLE and CLE, only two SLE studies mentioned cutaneous manifestations. Of the two studies, Oliveira-Santos et al. [14] noted that the presence of mucocutaneous manifestations of SLE was associated with decreased rates of adherence. The other study conducted by Costedoat-Chalumeau et al. [15] in 2006 noted that rashes were one of the findings associated with disease flares in patients with poor adherence to hydroxychloroquine. The rest of studies failed to mention what portion of SLE patients in their study were suffering from cutaneous disease, which leads to further difficulty in utilizing the results of these studies to further our knowledge of adherence in CLE patients, and in those with SLE suffering from cutaneous disease. While this could be viewed as a limitation of our study, it also demonstrates the current need for studies examining the impact of cutaneous disease on adherence in patients with SLE. However, it is likely that many (if not all) of these studies were comprised of patients with cutaneous disease, since the majority of patients with SLE will suffer from some sort of cutaneous manifestation of their disease at some point [10] . The study conducted by Frances et al. [12] was one of the two studies we found that investigated adherence to treatment in patients specifically with CLE. This study only examined adherence to hydroxychloroquine which is a medication that is taken orally. The other study [13] investigated adherence to sunscreen. However, no studies mentioned adherence to topical medications in treating CLE or cutaneous disease in patients diagnosed with SLE. While systemic therapy is essential in controlling more severe disease, topical and localized treatments are often used in the treatment of CLE and cutaneous manifestations of SLE [3] . This lack of knowledge is especially disconcerting because adherence to topical medications is lower than that of systemic medications [38, 39] .
CONCLUSION
Much of what we know about adherence to medication in patients with lupus is limited to SLE. Although cutaneous symptoms are among the most common manifestation of SLE, cutaneous disease is often managed at least in part with topical agents, and adherence to topical treatment was not assessed in any of the articles, though one study investigated sunscreen usage in patients with CLE. 
